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The initial interaction of insulin with the liver involves the binding of the hormone to a specific plasma membrane receptor (Roth, 1973) . Evidence has accumulated that receptor-bound insulin is internalized by the hepatocyte (for a review see Gorden et al., 1980) , and this has led to the suggestion that the degradation of insulin involves a transfer of the hormone from a plasma-membrane binding site to an intracellular degradation site (Tems et al., 1979) . This conclusion is supported by studies which show that insulin degradation by liver plasma membranes is negligible (Wisher ef al., 1977; Rosen et al., 1979) . In contrast, however, it has also been claimed that preparations of liver plasma membranes are capable of degrading insulin, and these preparations have been used to study insulin degradation (Freychet et al., 1972; Duckworth, 1979) .
Digitonin has been used to increase selectively the density of liver plasma membranes (Thines-Sempoux et al., 1969; AmarCostesec et al., 1974) . Addition of digitonin to rat liver microsomal fractions has been shown to increase the median density of plasma-membrane markers without modifying that of endoplasmic-reticulum markers. In the present experiments, this procedure was used to investigate the relationship between insulin-degrading and -binding activities in plasma membranes.
A microsomal fraction from homogenates (25%, w/v) of rat livers was obtained by differential centrifugation in 8% (w/v) sucrose/5 mM-Tris/HCl buffer, pH 8.0. After the removal of nuclei, mitochondria and lysosomes by centrifugation for 7.5min at 4°C and 33000g (rmv. 7.8cm), the microsomal fraction was obtained by centrifugation for 60min at 4OC and 140000g (rmv. 7.8cm). The microsomal pellet was homogenized in 5 vol. of the same buffer and the suspension was divided into two equal portions. One portion was treated with digitonin to Density of sucrose gradient (g/ml) Density of sucrose gradient (g/ml) Vol. 9
give a final concentration of 0.1 mg of digitonidmg of protein, by the procedure described by Thines-Sempoux et al. (1969) . Both the untreated and digitonin-treated microsomal fractions were pelleted by centrifugation for 60min at 4OC and 140000g (rav. 7.8cm), and resuspended in the original buffer. The suspensions (5.0ml) were loaded on to continuous linear sucrose density gradients (20-60%, w/v) in 5 rnM-Tris/HCI buffer, pH 8.0 (total volume 3 1 ml) and centrifuged for 16 h at 4OC and 86000g in an MSE Superspeed 65 centrifuge and a 6 x 38ml swing-out rotor (rav, 12.3 cm). Fractions (0.5 ml) were then collected and assayed for 5'-nucleotidase, alkaline phosphodiesterase and glucose-6-phosphatase activities. The insulindegrading activity of the fractions was determined by measuring the formation of radioactive products soluble in 10% trichloroacetic acid (Wisher et al., 1977) , and the specific binding of 1251-labelled insulin was determined by the method of Freychet et al. (1971) . Centrifugation of the untreated microsomal membranes resulted in a separation of insulin-degrading activity and insulin-binding activity (Fig. la) . The insulin-degrading activity is present as a broad peak corresponding to a median density of 1.08 g/ml, and there are two major peaks of insulin-binding activity at densities of 1.12 and 1.15g/ml. The plasmamembrane marker enzyme, alkaline phosphodiesterase, had a density of 1.12g/ml in this gradient (Fig. Ib) . S'-Nucleotidase activity showed a similar distribution pattern. Treatment of the microsomal membranes with digitonin resulted in an increase in the median density of the plasma-membrane marker activities to 1.17 g/ml. Furthermore, the two major peaks of insulin-binding activity behaved in a similar manner, increasing in density to 1.17 and 1.19g/ml. In contrast, digitonin treatment did not affect insulin-degrading activity. The density of glucose 6-phosphatase activity (results not shown) was also unaffected by the addition of digitonin.
The results presented here suggest that the insulin-degrading activity is not associated with the relatively cholesterol-rich plasma membranes and is clearly separable from insulin-binding activity. Thus the insulin-degrading activity of plasma membranes reported by other workers may be ascribed to contamination by intracellular enzymes. These results are consistent with the suggestion of Gammeltoft et al. (1978) that insulin degradation by hepatocytes may necessitate either the entry of receptor-bound insulin into the cell, the release of inactivating activity from the cell or both processes.
We gratefully acknowledge the financial support of the British Diabetic Association and the St. Thomas's Hospital Research (Endowments) Committee. (Delpech et al., 1980) . In order to clarify further the nature and specificity of insulin action on the cell surface charge, we report here some electrophoretic measurements on chick and human erythrocytes. Insulin-receptor concentration in the plasma membrane of cells from these two sources differs considerably (Ginsberg et al., 1977; Herzberg et al., 1980) , being relatively high in chick and very low in mature human erythrocytes.
Effect of insulin on the electrophoretic mobility of chick and human erythrocytes
Fresh blood from 2-4-week-old White Leghorn male chicks and adult human males was collected in heparinized tubes, and erythrocytes were prepared by centrifugation in Hepes 14-(2-hydroxyethy1)-1 -piperazine-ethanesulphonic acidl/KrebsRinger solution, pH 7.4. Electrophoretic measurements were carried out at 37Ot as previously described (Delpech et al., 1980) . Solutions of bovine pancreas insulin [Sigma (London) Chemical Co.] and neuraminidase [Boehringer Corp. (London) Ltd.1 were prepared fresh as required.
Control experiments showed that erythrocytes from the two sources could be prepared with a reproducible surface charge as assessed by cell electrophoretic measurements. Under the conditions used, the mean electrophoretic mobilities (in pm . s-l. v-l. cm) of normal chick and human erythrocytes were -1.39 fO.O1 and -1.53 k 0.01 respectively. In the presence of 1 m unit of insulin/ml the electrophoretic mobility of chick erythrocytes changed to -1.83 + 0.05, whereas the effect of insulin on the mobility of human cells was relatively small, changing it to -1.61 + 0.02.
The lack of effect of insulin on human erythrocytes compared with chick cells is in accord with the known difference in insulin-receptor concentration in the plasma membrane of these two cells and confirms previous suggestions that a marked change occurs in the structure and physical properties of cell membranes after interaction of insulin with its receptor (Carpentier et al., 1976; Schlessinger et al., 1978; Bailey et al.. 1978; Delpech et al., 1980) . Fig. 1 shows that the effect of insulin on the electrophoretic mobility of chick erythrocytes is not permanent, and 60min after the addition of the hormone the mobility returns to that of the untreated cells. This may indicate some degree of internalization and degradation of the insulin-receptor complex (Goldstein et al., 1979) or could suggest that electrophoretic mobility is affected by insulin in an indirect manner via secondary changes in cellular metabolism and that these changes are subject to separate control mechanisms. A dissociation of the biological and receptor-binding properties of
